Obesity has become a major health problem worldwide. Cardiovascular abnormalities have been described not only in obese adults but also in obese children and adolescents. The aim of the present study was to investigate left and right, systolic and diastolic ventricular dysfunction in obese paediatric patients without comorbidities using 2D speckle tracking longitudinal strain.
Introduction
Obesity has become an epidemic in both developed and developing countries. Statistics from the United States show a 32.2% rate of obesity among adult men and 25.5% among adult women. 1 Reports on the paediatric population (children and adolescents aged 2 -19 years) reveal that 11.9% are at or above the 97th percentile of the body mass index (BMI)-for-age growth charts, 16 .9% are at or above the 95th percentile, and 31.7% are at or above the 85th percentile. 2 It is estimated that five to 10 million individuals in the United States alone have severe obesity (BMI ≥ 40 kg/m 2 ). 3 The prevalence of obesity and metabolic syndrome is rapidly increasing in developing countries as well. In Brazil, a 15.2% prevalence of overweight children in low-income families has been described. 4 Cardiac involvement in obesity has been well established in adults. Structural and functional changes, such as left-ventricular (LV) hypertrophy and diastolic/systolic dysfunction, have been studied in obese humans and in animal models. 5, 6 However, there are few studies on the paediatric population investigating LV and right-ventricular (RV) systolic 7 and diastolic dysfunction 8 as well as left-and right-atrial dysfunction. 9, 10 These studies are necessary, since even patients with low levels of increased BMI present higher risk for cardiovascular disease.
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Two-dimensional speckle tracking imaging is an adequate method for assessing ventricular function and detecting sub-clinical dysfunction. 12, 13 Different from Doppler-based strain, speckle tracking is angle-independent and allows measuring deformation in two dimensions, being more accurate and reproducible. Although good-quality image is necessary for speckle tracking measurement, it is a very accurate and easy to obtain method. 14 The aim of the present study was to analyse LV function using 2D speckle tracking in obese paediatric patients (BMI . 95th percentile) without associated comorbidities, and to compare their data with non-obese controls (BMI , 85th percentile). Since 2D speckle tracking had not been previously used to analyse obese children, we have also obtained tissue Doppler imaging parameters and Doppler-based strain, so that our results could be compared with previous studies in obese children using these techniques. 9 
Methods

Sample size
Since there are no studies using 2D speckle tracking for LV function analysis in obese children, we used previous studies where LV Doppler-derived strain was compared between obese and non-obese paediatric patients for calculating the sample size. 9 A sample of 45 patients in each group was calculated to provide a 90% power to detect the clinical effect of interest (20% strain value difference between groups), with a significance level (alpha) of 0.05 (two-tailed).
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Study and control groups
Obese paediatric patients 6 -18 years of age with a BMI above the 95th percentile were prospectively recruited from the Pediatric Nutrition Clinic of the university hospital of the Universidade Federal de Minas Gerais (Belo Horizonte, Brazil). The control group (CG) was recruited from the general paediatric clinic of the same institution and included healthy children, age-and gender-matched to the OG, with BMI below the 85th percentile. Children with a history of cardiovascular diseases, hypertension, diabetes mellitus, endocrinological disorders, hereditary or inflammatory systemic diseases, or sleep apnoea (according to parents' information) were excluded from both groups. The study was approved by the Human Research Ethics Committee of the institution and written informed consent was obtained from all participants' parents.
Determination of BMI
Participants were weighed in light clothing without shoes, using a Welmyw scale with a capacity of 300 kg and accuracy of 100 g. Height was measured with a stadiometer (accuracy of 0.5 cm). Body mass index was calculated using the conventional formula of weight in kilograms divided by the square of height in metres. Obesity was defined as BMI exceeded the 95th percentile for gender and age, based on reference values. 16 
Blood pressure measurement
Blood pressure was determined by standard methods with an appropriate-sized cuff in more than three different occasions. Only individuals with systolic and diastolic blood pressure values below the 90th percentile for gender and height were included in the study. 17 
Biochemical analysis
In all patients, glucose levels were measured (after overnight fasting . 12 h) by the glucose-oxidase method using the Hitachi 704 analyser. Total cholesterol and triglycerides were also measured with the enzymatic colorimetric test. Low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels were obtained through homogeneous enzymatic colorimetry.
Doppler echocardiogram and tissue Doppler imaging
Doppler echocardiogram with colour flow mapping and tissue Doppler imaging (TDI) was performed in all patients using commercially available hardware and software (Vivid 7; GE Vingmed Ultrasound AS, Horten, Norway) and an electronic high-resolution multifrequency transducer. Left-ventricular measurements were made according to the recommendations of the American Society of Echocardiography. 18 Ejection fraction was calculated using the Teichholz method. 19 Peak tricuspid regurgitation (TR) velocity was measured to calculate the RV-right-atrial gradient and estimate pulmonary systolic pressure. 20 Left-atrial volume (LAV) was obtained by the biplane area-length method in the apical four-and two-chamber views and its value was indexed to body surface area. 21 Left-ventricular mass was calculated using Devereux's formula indexed to height to the power of 2.7 in order to obtain the LV mass index, as previously proposed for obese patients. 22 Diastolic function was analysed by the mitral inflow and the pulsedwave TDI. 23 Tissue Doppler imaging was obtained at the septal and lateral borders of the mitral annulus and lateral border of the tricuspid annulus and the velocities of the S, A', and e' waves were measured for both ventricles. Mean values of septal and lateral e' waves were obtained and the E/e' ratio was derived using this mean value. The e'/A' ratio of the LV septal and lateral walls, and RV e'/A' were also calculated. Mean values of three consecutive heart beats were obtained for all measurements.
Colour Doppler myocardial imaging
Colour Doppler-derived strain was obtained by placing a 10-mm sample volume in the basal segment of the six LV walls in apical four, three, and two-chamber views. 24 The image sector was narrowed to allow the highest frame rate (.150 frames/s) and the imaging angle to the wall was kept as low as possible for a better parallel alignment to the wall of interest. Peak systolic strain was measured in the basal segment of the six LV walls. Global strain was obtained by dividing the sum of each basal longitudinal peak strain and SR by the number of walls. Strain and SR were also obtained for the RV at its basal free wall in the apical four-chamber view ( Figure 1 ).
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Speckle tracking analysis 2D speckle tracking analysis was performed in acquired loops of the three apical views, with a frame rate above 44 frames/s and longitudinal strain of the 18 segments of the LV walls was obtained using a 2D strain speckle tracking program (GE EchoPAC) that tracks myocardial movement. 26 Global 2D speckle tracking strain was calculated by adding the strain of all 18 segments and dividing the value by 18 ( Figure 2 ).
Reproducibility
All measurements were made by a single cardiologist (M.M.B.). Intra-observer variability in strain and SR values was calculated in a sample of 20 randomly selected individuals, without knowledge of previous data and blinded to group categorization (OG or CG). For the analyses of variability, we calculated an adjusted coefficient of variation, defined as the ratio of the standard deviation and the mean absolute readings and intraclass correlation coefficient for LV 2D global strain and RV strain and strain rate. 
Statistical analysis
The Kolmogorov-Smirnov analysis was used to classify the normality of the data in order to choose parametric vs. non-parametric tests. The Student's t-test was used for comparisons between groups for variables with normal distribution, and the Mann-Whitney test was used for non-Gaussian distribution. Pearson's correlation coefficients were calculated to determine correlations between variables. Multivariate stepwise linear regression analysis was performed to assess the adjusted correlations between 2D speckle tracking global strain, clinical variables, and echocardiographic variables. A significance level of 5% was considered in all statistical tests. 15 Analyses were performed using the Statistical Package for Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Clinical characteristics
Ninety-six children and adolescents were recruited: 50 in the OG and 46 eutrophic individuals (CG). Table 1 displays the clinical and demographic data in both groups. Age, gender, fasting glucose, triglycerides, and HDL-C were similar in both groups, whereas heart rate, total cholesterol, and LDL-C were significantly greater in the OG. All patients were below the 90th percentile for systolic and diastolic blood pressure. However, mean systolic and diastolic pressure were higher in the OG.
Doppler echocardiogram
M-mode LV diameter and LV mass corrected for height 2.7 were higher in the OG. Left-atrial dimension, indexed LA volume, and the aorta diameter were also significantly larger in the OG. No statistically significant difference in EF was detected between groups. The LV E/A ratio was significantly lower in obese children and adolescents. Tissue Doppler imaging lateral peak systolic velocity were lower in the OG and the septal and lateral A' higher in the obese group. LV E/e' was similar in both groups. RV e'/A' ratio was significantly lower in the OG. Tricuspid regurgitation jet velocity was higher in the OG, although it was still within the normal range in both groups. (Tables 2 and 3) Colour Doppler myocardial imaging strain
Global Doppler-based basal strain was significantly lower in obese patients. Right-ventricular strain and SR were significantly higher in the obese group. (Tables 3 and 4) 2D speckle tracking
Among the 900 segments in the OG, only 42 (4.6%) were not adequately imaged for strain measurement, while among the 828 segments in the CG, strain could not be obtained in only 24 (2.89%). Global longitudinal strain was significantly lower in the OG. Separate analysis of the LV walls revealed lower longitudinal strain in all walls (mean value of the three segments of each wall) in the OG, except in the posterior wall, for which values were similar in both groups. (Table 5) Determinants of LV global 2D speckle tracking longitudinal strain
The demographic, clinical, and echocardiographic variables that correlated with 2D global strain are shown in Table 6 . In the multivariate linear regression analysis, in which all univariate parameters that correlated with LV global strain were considered, only BMI remained in the final model, with a determinant coefficient of 45.9% (Figure 3) . 
Discussion
The present study showed that LV strain is reduced in obese children and adolescents when compared with controls, which may suggest incipient systolic involvement early in the process of obesity. Several mechanisms have been proposed to explain ventricular dysfunction, such as an increased mass in response to a larger intravascular volume, increased preload, and increased afterload. 28 
LV mass
Obesity is independently associated with increased LV mass, and eccentric hypertrophy is the most common form present in this metabolic disorder. 8, 29 The present study has shown that this association holds true in children with a BMI above the 95th percentile. The increase in LV mass occurs to compensate for the higher haemodynamic load in obese patients. 5, 30 However, although LV hypertrophy is an early marker in the sequence of cardiac events, 31 it did not correlate with 2D speckle tracking in the multivariate analysis.
LV systolic function in obesity
In adults, a number of studies have shown systolic and diastolic dysfunction by Doppler echocardiogram. 32 However, few studies failed to detect abnormalities with the use of conventional indices of systolic function, such as EF. 33 This can be explained by the influence of pre-and afterload in EF. Therefore, EF may not be a good index to express systolic function in obesity, since this metabolic abnormality is known to be associated with increased pre-and afterload. 5 With the introduction of more modern techniques, such as TDI, strain, incipient systolic dysfunction has been described in obesity. 34 Tumuklu et al. 30 found subclinical changes in LV systolic function detected by strain and strain-rate imaging. In a study involving morbidly obese patients from our institution, Barbosa et al. 3 reported decreased LV lateral tissue Doppler S velocity and LV strain in these patients. Similar to the present study, Lorch et al. 7 and Di Salvo et al. 9 analysed cardiac effects of obesity in non-hypertensive children and found similar results to those reported for adults, suggesting that obesity exerts an early effect on ventricular function. Koopman et al. 35 in a pilot study analysing cardiac and vascular function in obese children with lipid abnormalities found reduced systolic LV deformation characteristics, early vessel wall changes, and increased arterial stiffness suggesting an abnormal ventricularvascular interaction. In the present study, conventional indices of systolic function, such as EF, did not differ between groups, whereas LV strain was found to be lower in the OG. Using Colour Doppler myocardial imaging (CDMI) technique, basal strain was significantly lower in the obese patients only in the septal and lateral walls ( Table 4) . Unlike TDI, CDMI has the advantage of discriminating between active and passive cardiac motion, but it is still angle-dependent and requires good-quality images, thereby hindering the acquisition of reliable, reproducible results. On the contrary, 2D speckle tracking is more robust and easier to obtain than CDMI. 36 In the present study, 2D speckle tracking detected lower strain values in obese patients in all walls, except for the posterior, with a clearly lower global 2D speckle tracking in the OG (P , 0.001) ( Table 5 ). Increases in heart rate lead to increases in strain. 37 Thus, since the OG had significantly higher heart rates, the observed strain difference between the two groups could have been even greater if heart rates had been similar, suggesting that strain is really decreased in the paediatric obese population. Lower Doppler-based strain values confirm the results of previous studies in obese children and lower 2D strain confirms this finding, when a more robust tool is used. As far we know, this is the first study in a paediatric population in which strain values by both techniques were obtained.
LV diastolic function in obese individuals
Diastolic dysfunction has been reported in adult obese patients, especially when obesity is associated with metabolic syndrome, and it may lead to atrial dysfunction. 38 Diastolic dysfunction has also been described in children and adolescents, 39 once again suggesting that LV diastolic dysfunction may be an early finding in obesity. Since obesity leads to LV hypertrophy, it seems reasonable to speculate that obese children may have a tendency towards impaired myocardial relaxation. In the present study, the E/A ratio was significantly lower in the obese group, suggesting that an incipient abnormal relaxation pattern is present even at the early stages of obesity. A decreased e' is recognized as one of the markers of diastolic dysfunction. 40 In the present study, neither e' nor the E/e' ratio differed between groups. The E/e' ratio is a relatively load-independent index that can be used to predict filling pressures. 23 Since an abnormal E/e' ratio is associated with elevated filling pressure, it is not surprising that this ratio remains within the normal range in obese children and adolescents, in whom increased mass and incipient LV dysfunction are not severe and have not been present long enough to increase LV filling pressures. When we analyse LA volume, a well-established index of the chronicity of diastolic dysfunction, 19 the absolute value was higher in obese than in controls ( Table 2) , which can be the result of some degree of mild-diastolic dysfunction, but can also be the expected value for a higher body surface area in obese children. The only LAV indexation that has been used in the literature is by body surface area, but that does not mean it is the ideal indexation for obese patients. Thus, the lower indexed LAV found in our obese children may be the result of the inherent limitation of this indexation method, and should not suggest a better diastolic pattern in obese than in controls. Although mild-diastolic Speckle tracking imaging in obesity dysfunction is usually present in obesity, LV filling pressures are not elevated in its early stage in children and adolescents, and indices like E/e', that express LV filling pressures, and LAVi, which express chronicity of diastolic function, may still be in the normal range.
RV function in obesity
Obesity in adults has been linked to RV dysfunction in previous studies, 25, 41 including one from our institution which found incipient RV dysfunction in morbidly obese adults. 3 However, few studies have analysed RV function in the paediatric population. Different from present findings, Di Salvo et al. 9 described lower RV strain and SR in non-hypertensive obese children. In our study, TDI systolic RV S was similar in both groups, while RV strain and SR values were significantly higher in the OG. The reason for the discrepancy with studies in obese adults is not fully understood but we can speculate that, different from the LV, systolic RV function is not an early abnormality in obesity. TDI RV systolic velocity and strain correlate well with invasively determined RV stroke volume. 42 -44 Thus, a possible explanation for the observed increased RV strain and SR in the present study is that, in the paediatric population, RV dysfunction is not significant and can be masked by the hypervolaemia state present in obesity due to an increase in pre-load, which would influence RV strain and strain rate. Another possible explanation would be a compensatory hyperdynamia in response to decreased strain in the ventricular septal wall. It may be that decreased RV strain and SR can only be detected later on in the obesity process, when the incipient RV systolic dysfunction overcomes the increases in pre-and afterload. 5 Besides, although RV pressure was higher in the OG, pulmonary hypertension, which is potentially involved in RV dysfunction in obesity, was not present in these paediatric individuals. Sleep apnoea that has also been related to RV dysfunction in obese patients 45 was not reported in our OG either. RV e'/A' ratio was significantly lower in the OG, suggesting an incipient impaired myocardial relaxation pattern in these children and adolescents, which can occur before indices of systolic function become abnormal. However, the reason why our findings differed from those reported by Di Salvo et al. 9 cannot be established.
Limitations of the study
The obese children in the present study did not undergo polysomnography, which is the gold standard for the detection of sleep apnoea. However, since these children exhibited no clinical evidence of sleep apnoea, the attending paediatricians did not consider it necessary to submit them to this exam. The evaluation of circumferential and radial strain and torsion, which are other tools to detect subclinical dysfunction are also not included in our study.
Conclusion
Although EF was not different between obese and non-obese children and adolescents, LV longitudinal strain by both CDMI and 2D speckle tracking methods were lower in the obese group, indicating that the effect of obesity on LV function is a precocious finding, occurring early in the obesity process. The present study demonstrated that obesity in children and adolescents, even in the absence of other comorbidities, is associated with decreased LV myocardial deformation, providing additional evidence to stimulate physicians and health policies to strongly fight obesity even at its early stages.
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